OsF6 and IrF6, the conductivity, per plane of graphite, is found to be a maximum at approximately C24MF6 (second stage), the conductivity being an order of magnitude greater than that of the parent HOPG. Intercalation beyond C24MF6 leads to a marked decrease in conductivity. CsMF6 is comparable in conducti vi ty to the parent graphite. 'rhis behavior contrasts with the graphite/AsFs system in which a steady increase in conductivity per graphite plane, with increasing AsPs content, is observed. For the PtF6 system, the second as well as the first stage materials are poorly conducting.
Introduction
In earlier studies we prepared 1 the salt Cg+SO from pyrolytic graphite and the first salt of layer boron nitride, by exploiting the powerfully oxidizing fluorosulfate radical, which derives from peroxydisulfuryldifluoride, S206F2.
' 3
Previous work 4 in these laboratories had established that iridium hexafluoride will, oxidatively, displace S03F from fluoro-+ sulfates. It was also evident that 02 salts would be superior oxidizers to S03F radical. Reports on the oxidation of graphite + by 02 AsF6 and a comparison with the AsFs intercalate have ' ' 1 5,6 been g~ven prev~ous y.
In this report we will emphasize the oxidation of graphite by the third-transition-series metal hexafluorides. The aim has been to establish the nature of the guest species in the graphite galleries, the degree of oxidation of the graphite,and the dependence of the electrical conductivity upon the stage and the extent of electron withdrawal from the graphite sheets.
The third-transitionmetal hexafluorides are excellent for this purpose in that they constitute a set, well graded in oxidizing power, 7 yet almost isodimensional; moreover, as gases they may be readily transported and applied and their activity controlled, to some extent, by pressure regulation.
Experimental
Materials: Graphite used in the conductivity studies was highly oriented pyrolytic graphite (HOPG) with small (< 1°) caxis spread. Single crystal studies were carried out using natural crystals obtained from. a calcite marble of the Santa Lucia formation by dissolution of the marble in concentrated hydrochloric acid. The crystals were washed with water, dried and selected by x-ray precession photography. Rhenium, osmium, iridium, and vlatinum hexafluorides were prepared and handled as previously described. Moreover, a travelling microscope (with the sample in place)
or a micrometer (with the sample in the Drilab) were used to determine the thickness of the sample. Occasionally a sample was subjected to an X-ray diffraction scan to determine which stage or stages were present.
The vacuum dried graphite (HOPG pieces), in its quartz container was exposed to either OsF6 or IrF6 vapor (at 15 and 11 torr respectively) at~ 25°. In each case, the conductivity increased rapidly with MF6 uptake as represented in Figure 4 and attained a maximum value somewhat above the MF6 content appropriate for a second stage material (i.e. C24HF6). The ratio of the thickness of the sample to that of the original graphite, and the gravimetry, are consistent with a mixed phase which is ~ 25% first and 75% of the second stage at this point of maximum conductivity. The occasional X-ray diffraction dence also supports this. At this position of maximum conductivity there was a marked slowing in the rate of intercalation of JlflF6 and an increase in pressure (to > 200 torr) of the intercalant was required to bring about renewal of iviF6 uptake. This renewed MF6 uptake appears to be coincident with the development of a first stage material. There was detectable exothermicity, occasionally the sample, which had remained intact to this point, cleaved. The most dramatic effect, however, was the decrease in conductivity, which became progressively lower, with MF 6 uptake, beyond this point.
It was also observed that whereas a steady value the conductivity was quickly obtained (usually within one minute or so) at all compositions up to c 20 MF 6 , for MF 6 incorporation richer than C2oMF6, (and in association with the catastrophic conductivity decrease) the conductivity value became markedly time dependent. Data are given in Table 2 . Thus for a composition C13MF 6 the conductivity would Table 3 .
Results and Discussion
The ease of incorporation of the third-transition-series hexafluorides into graphite and the stability of the resultant salt, appears to depend simply upon the electron affinity of the hexafluoride as shown in Table 3 The ab plane electrical conductivity data are presented
in Table 2 . The conductivity plane of graphite relative to the conductivity of a plane of the parent graphite, as a function of iridium hexafluoride uptake, is shown in Figure 4 within the galleries is more likely to result in a less ordered and less periodic charge distribution than in the ~~6 cases.
Thus it may be that the guest spec s in graphite/AsFs are never in commensurate register with the graphite lattice. Indeed it may even be that the MF6 anions in second-stage C24MF6 are not commensurate with the graphite sheet either.
Reliable structural information is urg·ently needed for CaMF6, C24MF6 and CaAsFs to provide a basis for response to the questions raised by the conductivity studies. The true unit cell c may, in some cases be a simple multiple of this value, which derives from the simplest indexing of OOX. data. 
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